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Abstract
Background:  To identify novel HLA-A*2402-restricted human cytomegalovirus (HCMV)
immediate early-1 (IE-1) epitopes for adoptive immunotherapy, we explored 120 overlapping 15-
amino acid spanning IE-1.
Methods: These peptides were screened by measuring the frequency of polyclonal CD8+ T cells
producing intracellular interferon-γ (IFN-γ) using flow cytometry and the epitopes were validated
with a HCMV-infected target Cr release cytotoxicity assay.
Results: Initial screening was performed with 12 mini-pools of 10 consecutive peptides made from
120 overlapping peptides15-amino acids in length that spanned IE-1. When peripheral blood
mononuclear cells (PBMCs) from HLA-A*2402 HCMV-seropositive donors were sensitized with
each of the 12 mini-pools, mini-pools 1 and 2 induced the highest frequency of CD8+ cytotoxic T
lymphocytes (CTLs) producing IFN-γ. When PBMCs were stimulated with each of the twenty
peptides belonging to mini-pools 1 and 2, peptides IE-11–15MESSAKRKMDPDNPD and IE-15–
19AKRKMDPDNPDEGPS induced the greatest quantities of IFN-γ production and cytotoxicity of
HLA-matched HCMV-infected fibroblasts. To determine the exact HLA-A*2402-restricted
epitopes within the two IE-1 proteins, we synthesized a total of twenty-one overlapping 9- or 10
amino acid peptides spanning IE-11–15 and IE-15–19. Peptide IE-13–12SSAKRKMDPD induced the
greatest quantities of IFN-γ production and target cell killing by CD8+ CTLs.
Conclusion: HCMV IE-13–12SSAKRKMDPD is a HLA-A*2402-restricted HCMV IE-1 epitope that
can serve as a common target for CD8+ HCMV-specific CTLs.
Background
Human cytomegalovirus (HCMV) infections occurring
after allogeneic hematopoietic stem cell transplantation
(HSCT) are frequently associated with high morbidity and
mortality despite treatment with appropriate antiviral
agents [1-3]. Cytotoxic T lymphocyte (CTL) responses
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have been known to correlate with recovery from HCMV
disease in bone marrow transplant (BMT) recipients [4]
and CD8+ CTLs are believed to play an important role in
suppressing HCMV disease [5-7]. This has led to the devel-
opment of clinical protocols whereby HCMV-specific
CD8+ T cell clones are cultured from the transplant donor
[8] and are administered to the transplant recipient. The
adoptive transfer of these HCMV-specific CD8+ CTLs has
proven to be effective in the prevention of reactivation
and in the treatment of HCMV infections that are unre-
sponsive to antiviral therapy [9-11].
Although HCMV protein pp65 is known to be an impor-
tant target for HCMV-specific CTLs and 70% to 90% of all
HCMV-specific CTLs recognize pp65 epitopes [12-14],
CTLs specific for another HCMV protein, immediate early-
1 (IE-1), occur in infected individuals at frequencies at
least comparable to those of pp65-specific CD8+ T cells
[15,16]. In addition, some recent studies have shown that
the dominance and magnitude of the IE-1 specific CD8+
T cell response more strongly correlates with protection
from HCMV disease than that of CD8+ T cell responses to
pp65 [17-19].
Several alternative approaches have been used to generate
antigen specific cytotoxic T cells. Antigen presenting cells
(APCs) have been genetically modified to which express
HCMV pp65 [20,21]. Epstein-Barr virus (EBV)-trans-
formed B lymphoblastic cell lines (EBV-BLCL) have been
used to generate EBV-specific CTLs. Genetic manipulation
of APCs including dendritic cells (DCs) as well as EBV-
BLCL result in the natural processing and presentation of
HCMV and EBV antigens but their clinical use is compli-
cated by regulatory issues, high cost, and the long dura-
tion of time required to qualify viral supernatants and cell
therapy products [22].
Several reports have proposed the use of donor-derived
HCMV-specific T cells generated by sensitization with
HCMV lysates loaded on either donor peripheral blood
mononuclear cells (PBMCs) or monocyte-derived
cytokine activated dendritic cells [7,8]. However, concerns
have been raised by regulatory agencies regarding the pos-
sibility that lysates of HCMV-infected cells might contain
live viral particles that could be transferred to the host and
HCMV T cells expanded using viral lysate may be predom-
inantly CD4+ cells [7].
The use of immune-dominant HCMV peptides is another
alternative for adoptive immune therapy. Adoptive
immune therapy with peptides is feasible as demonstrated
by the use of several HCMV-specific peptides derived from
pp65 protein to expand large quantities of HCMV-specific
CTLs [9,23].
The immune dominance of pp65 and IE-1 proteins
among HCMV antigens has been reported, but the
number of previously identified CTL epitopes derived
from IE-1 protein is limited. The wide clinical application
of HCMV-peptide, HLA-restricted, adoptive immune ther-
apy requires the identification of at least one immune
dominant HCMV pp65 and IE-1 peptide for each class I
HLA antigen. Especially for epitopes such as HLA-A*2402
which is the most frequent HLA-A allele in many different
races. To this aim, we report a new HLA-A*2402-restricted
pentadecamer peptide from HCMV IE-1, IE-13–
12SSAKRKMDPD, that can be used to stimulate cytotoxic
T cells for adoptive immunotherapy.
Methods
Donor collection and cell preparation
Peripheral blood mononuclear cells (PBMCs) were col-
lected from nineteen HLA-A*2402 donors who were
HCMV seropositive. The presence of IgG and IgM HCMV
antibodies in each donor was analyzed by passive latex
agglutination (CMVSCAN kit, Becton-Dickinson Microbi-
ology System, Cockeysville, MD). MHC Class I genotypes
were determined by sequence-specific primer PCR using
genomic DNA by the HLA laboratory at the Seoul Clinical
Laboratory (Seoul, Korea). PBMCs were isolated from the
donors' peripheral blood by density-gradient centrifuga-
tion using Ficoll-Hypaque 1.077 (Pharmacia Biotech,
Wilkstrom, Sweden). The mononuclear cells were washed
twice with phosphate buffered saline (PBS, Gibco, Grand
Island, NY) and cryopreserved at -160°C in human AB+
serum and basal Iscove's medium (Gibco, Grand Island,
NY) containing 10% DMSO (Sigma, St. Louis, MO). This
research was approved by the institutional review board
of Yonsei University Health System and all participants
gave written informed consent.
Peptide libraries and study design
Peptide library for HCMV IE-1 protein were made up of
15-amino acids in length that overlapped by 11 residues
and covered the complete IE-1 protein (CMV AD169)
[24]. The entire IE-1 library was made up of 120 peptides
and these were commercially synthesized (A & Pep,
Yoengi-gun, Korea). The peptides were diluted in DMSO
to working solution concentrations and pooled into mini-
pools containing 10 consecutive peptides each. For IE-1,
12 mini-pools of 10 peptides were made. We screened
and choose the most immunogenic mini-pools among
the 12 mini-pools by quantifying the IFN-γ production
from the stimulated CD8+ CTLs using flow cytometry as
described below. We then screened and identified the best
15-amino acid peptides among the twenty 15-amino acid
peptides belonging to the selected mini-pools by quanti-
fying the IFN-γ production from the stimulated CD8+
CTLs using flow cytometry and HCMV-infected target cell
killing assay as described below. For further identificationJournal of Translational Medicine 2009, 7:72 http://www.translational-medicine.com/content/7/1/72
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of the exact HLA class I restricted-HLA-A*2402 epitopes,
we tested a total of twenty-one overlapping nona- or
decamer peptides spanning selected 15-amino acid pep-
tides by quantifying the IFN-γ production from the stimu-
lated CD8+ CTLs using flow cytometry and HCMV-
infected target cell killing assay again. Figure 1 briefly
shows the study design.
Generation of autologous dendritic cells (DCs) from 
PBMCs
Peptide-loaded autologous DCs were generated as previ-
ously described [3,25]. PBMCs obtained after Ficoll-
Hypaque centrifugation were incubated for 2 hours at
37°C in complete RPMI medium. Adherent monocytes
were resuspended at a concentration of 5 × 106/mL in
serum-free medium, supplemented with GM-CSF (1500
IU/mL, Pepro Tech Inc., Rocky Hill, NJ) and IL-4 (1200
IU/mL, Pepro Tech Inc., Rocky Hill, NJ). On days 2, 4, and
6 of culture, fresh cytokines were added. Fresh medium
was added depending on cell growth. On day 7 of culture,
10 ng/mL tumor necrosis necrosis factor-α (TNF-α, R&D
Systems, Minneapolis, MN) was added for the maturation
of the DCs. After 72-hour maturation, autologous DCs
were pulsed with peptides for at least 3 hours.
Generation of peptide-specific polyclonal CTLs
PBMCs from HCMV-seropositive donors were plated at a
concentration of 2 × 106 cells per well in a 24-well culture
plate (Nunc, Roskilde, Denmark) with 2 mL of medium
and directly stimulated with peptides at a concentration
of 10 μg/mL/well (on day 1) and with peptide-pulsed
autologous DCs (4~10 × 106/well, on day 7 for a 1- or 2-
week expansion for flow cytometry analysis or cytotoxicity
assay, respectively). Recombinant human interleukin-2
(rhIL-2, 100 IU/mL, Pepro Tech Inc., Rocky Hill, NJ) was
added to the culture every other day and the cells were cul-
tured for 14 days.
Detection of IFN-γ producing CD8+ T cells in response to 
peptide stimulation by flow cytometry
Two- week peptide-expanded PBMCs (1 × 106) stimulated
with PHA (Sigma, St. Louis, MO) and PBMCs stimulated
with autologous DCs that were not loaded with any pep-
tide were used as positive and negative controls respec-
tively. HCMV pp65495–503 (NLVPMVATV, HLA-A*0201)
or pp65341–350 (QYDPVAALFF, HLA-A*2402), pp6591–100
(SVNVHNPTGR, HLA-A33) were used as positive or nega-
tive controls according to donor's HLA type [3,24]. One
hour after stimulation, 10 mg of Brefeldin A (Sigma, St.
Louis, MO) was added to each well. After 5 additional
IE-1 peptide library and study design Figure 1
IE-1 peptide library and study design. The library of peptides spanning HCMV IE-1 was made up of 120 peptides 15 amino 
acids in length that overlapped by 11 residues which were used to make 12 mini-pools each containing 10 consecutive peptides. 
We screened and choose the most immunogenic mini-pools by quantifying IFN-γ production by stimulated CD8+ CTLs using 
intracellular flow cytometry analysis. After finding that mini-pools 1 and 2 were the most potent stimulators of IFN-γ, we 
screened and choose the best 15-amino acid peptides among twenty 15-amino acid peptides belonging to these two mini-pools 
by quantifying IFN-γ production by peptide stimulated CD8+ CTLs using flow cytometry and a HCMV-infected target cell kill-
ing assay. Next, we identified the exact HLA class I restricted-HLA-A*2402 epitope by screening a total of twenty-one overlap-
ping nona- or decamer peptides spanning selected 15-amino acid peptides. These 21 peptides were also tested by intracellular 
flow cytometry and cytotoxicity assays.Journal of Translational Medicine 2009, 7:72 http://www.translational-medicine.com/content/7/1/72
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hours of incubation, PBMCs were washed once with PBS
and were then incubated in PBS containing 1 mM EDTA
for 10 minutes. After two further washes with PBS and 5%
fetal calf serum (FCS, Biosource International, Rockville,
MD) the cells were incubated with fluorescence-labeled
monoclonal antibodies for 15 minutes on ice in the dark.
Staining and analysis was performed as previously
described [3,14,26].
Antibodies and flow cytometry analysis
FITC-conjugated anti-IFN-γ, PerCP-conjugated anti-
CD69, PerCP-conjugated anti-CD3 and PE-conjugated
anti-CD8 were purchased from BD Biosciences. Per sam-
ple, 50,000–100,000 events in the FSC/SSC lymphocyte
gate were acquired on a FACS Calibur flow cytometer
(Becton Dickinson, San Jose, CA). For data analysis (CEL-
LQuest software; Becton Dickinson), CD3+/CD8+ events
were displayed in a CD69+ versus IFN-γ dot plot. CD8+/
IFN-γ cells were expressed as a percent of the respective
reference population. The assessment of responses was
previously described in more detail [3,14,26].
Fibroblast cell lines as target cells
Fibroblasts from allogeneic donor (HLA-A*2402) derived
skin biopsies were used as target cells. The fibroblasts were
propagated in MEM-α supplemented with 1% NEAA
(nonessential amino acid, Sigma, St. Louis, MO), 10%
fetal calf serum, and antibiotics. AD-169 HCMV strain
(VR-538, American Type Culture Collection, Manassas,
VA) was propagated in fibroblasts and the infected cul-
tures were harvested when a cytopathic effect was evident.
The cells were spun at 1500 rpm for 10 minutes and aliq-
uots of supernatant were stored at -80°C until use. HCMV
infectivity of the fibroblasts was confirmed by HCMV-spe-
cific real time RT-PCR testing that targeted the HCMV IE-
1 antigen (Roche, Nutley, NJ)
Cytotoxicity assays
Cytotoxicity assays were performed employing 51Cr
release as previously described [27,28]. Briefly, HCMV-
infected fibroblasts were labeled overnight with 51Cr (100
mCi/106 cells; PerkinElmer Life and Analytical Science,
Waltharn, MA), washed in PBS, and dispensed in tripli-
cate into 96-well V-bottom plates (Nunc, Roskilde, Den-
mark) at 4 × 103  cells/well. CTLs were added to the
infected fibroblasts at an effector to target cell ratio of
10:1, 30:1, 50:1 and 100:1. The cells were pelleted and
after a 5 hour incubation period the supernatant was ana-
lyzed in a gamma counter. Spontaneous and total release
counts for each well were used to calculate percent specific
release with the following formula: % specific release =
(experimental cpm - spontaneous cpm)/(total cpm -
spontaneous cpm).
Results
Screening IE-1 peptide mini-pools by induction of IFN-γ 
production by CD8+T cells
To determine which of the 12 mini-pools contained
potential immune dominant candidate peptides, PBMCs
from five HLA-A*2402 HCMV-seropositive donors
(donor 1–5) were stimulated with each of the 12 mini-
pools. Intracellular IFN-γ production was measured by
flow cytometry. As a positive control, PBMCs from
HCMV-seropositive donors were stimulated with both
phytohemaglutinin (PHA) and pp65328–335  (QYD-
PVAALF, HLA-A*2402) [24]. In addition, PBMCs from
donors incubated without any peptide or with pp6591–100
(SVNVHNPTGR, HLA-A33) [3] were used as negative con-
trols. Among the 12 mini-pools, mini-pool 1 induced a
greater frequency of IFN-γ producing CD8+ cytotoxic T
cells than mini-pools 3 through 12 in four of the five
donors. In addition, mini-pool 2 induced a higher fre-
quency of IFN-γ producing CD8+ cytotoxic T cells than
mini-pools 3 through 12 in three of the five donors.
Therefore, both peptide mini-pools 1 and 2 were selected
for further study. A representative experiment is illustrated
in Figure 2.
Identification of specific 15-amino acid candidate 
eptitopes by in vitro sensitization and induction of IFN-γ 
production
To determine which 15-amino acid peptides belonging to
mini-pools 1 and 2 had the capacity to specifically re-
induce CTL immune activity, intracellular IFN-γ produc-
tion of CD8+ T cells was measured in HCMV-seropositive
HLA-A*2402 cells from five donors (Donors 2, 3, and 6–
8) that had been in vitro sensitized for a week with each of
the twenty candidate 15-amino acid peptides. After a one
week in vitro sensitization PBMCs were restimulated with
dendritic cells derived from autologous monocytes which
were loaded with each of the twenty 15-amino acid pep-
tides. After a 6-hour resensitization, intracellular IFN-γ
protein production by CD8+ T cells from the HCMV-
seropositve HLA-A*2402 donors was measured by intrac-
ellular flow cytometry. In a representative experiment
illustrated in Figure 3, in all donors peptides IE-11–
15MESSAKRKMDPDNPD and IE-15–19AKRKMDP DNP-
DEGPS consistently induced greater quantities of IFN-γ
production than the other 15-amino acid peptides tested.
As a control, the PBMCs were also sensitized in vitro for a
week with the HLA-A*2402-restricted epitope, pp65328–
335QYDPVAALF and the HLA-A*0201-restricted epitope,
pp65495–503NLVPMVATV [14] as positive controls and
with the HLA-A*3303-restricted epitope, pp6591–100 SVN-
VHNPTGR, as a negative control.
These results suggest that IE-11–15MESSAKRKMDPDNPD
and IE-15–19AKRKMDPDNPDEGPS are potential HLA-Journal of Translational Medicine 2009, 7:72 http://www.translational-medicine.com/content/7/1/72
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A*2402-restricted HCMV IE-1 epitopes and both peptides
were selected for further study.
Analysis of the peptide-specific cytotoxicity of the two 15 
amino acid peptides
To confirm that IE-11–15MESSAKRKMDPDNPD and IE-
15–19AKRKMDPDNPDEGPS are immune dominated pep-
tides for HLA-A*2402 subjects, PBMCs from three HLA-
A*2402 HCMV-seropositive donors (Donors 9, 10 and
11) were sensitized in vitro for two weeks with the candi-
date pentadecapeptides. The in vitro sensitized cells were
tested for cytotoxicity against HLA-matched HCMV-
infected targets. The cytotoxicity assay was carried out by
measuring  51Cr release from HLA-A*2402 HCMV-
infected fibroblasts. For all three donors tested IE-11–15
MESSAKRKMDPDNPD- and IE-15–19AKRKMDP DNP-
DEGPS-sensitized CTLs lysed greater quantities of HCMV-
infected fibroblasts than the negative control cells. PBMCs
from donors 9 and 10 that were in vitro sensitized for 2
weeks with IE-11–15MESSAKRKMDPDNPD were highly
cytotoxic to HLA-A*2402 HCMV-infected fibroblasts.
PBMCs  in vitro sensitized with IE-11–
15MESSAKRKMDPDNPD lyzed a similar proportion of
HCMV-infected fibroblasts as PBMCs sensitized with
pp65495–503 which was used as a positive control (Figure
4A, B). However, in donor 11 IE-15–19AKRKMDPDNP
DEGPS showed higher cytotoxicity to HLA-A*2402
HCMV-infected fibroblasts than that of IE-11–
15MESSAKRKMDPDNPD (Figure 4C). These results con-
firmed that both of IE-11–15MESSAKRKMDPDNPD and
IE-15–19AKRKMDPDNPDEGPS were likely to be the best
immunogenic epitopes for HLA-A*2402 among HCMV
IE-1 proteins. Next, we identified the most immunogenic
nona- or decarmer MHC class I-restricted peptides span-
ning IE-11–15 and IE-15–19 using a HCMV-infected fibrob-
last cytotoxicity assay.
Ex vivo sensitization with 9- and 10 amino acid peptides 
spanning IE-11–15 and IE-15–19
To determine the exact HLA class I restricted HCMV IE-1
protein epitopes that were immunogenic in HLA-A*2402
subjects, we synthesized and tested a total of twenty-one
overlapping nona- or decamer peptides spanning IE-11–15
and IE-15–19. Intracellular IFN-γ protein production was
measured in cells from seven HCMV-seropositive HLA-
A*2402 donors (Donors 12–18) that had been in vitro
sensitized for 2 weeks with each of the twenty-one candi-
date peptides. Among the twenty-one candidate peptides,
IE-13–11SSAKRKMDP, IE-13–12SSAKRKMDPD and IE-18–
16KMDPDNPDE induced greater quantities of IFN-γ pro-
duction than the other peptides tested. Peptide IE-13–
12SSAKRKMDPD was especially potent. It induced greater
quantities of IFN-γ production than the other two pep-
tides in six of seven donors. Therefore, IE-13–
12SSAKRKMDPD was likely the most immunogenic HLA-
A*2402 epitope within HCMV IE-1. A representative
experiment using cells from donor 14 is illustrated in Fig-
ures 5A and 5B. The response of donor 14's CD8+ cells to
IE-18–16KMDPDNPDE was weak (Figure 5A), but IE-18–
16KMDPDNPDE stimulated significant quantities of IFN-
γ in CD8+ cells from five of the seven HLA-A*2402
expressing donors tested.
HCMV IE-13–12 SSAKRKMDPD specific cytotoxicity
To provide further evidence that IE-13–12SSAKRKMDPD
induced epitope-specific and HLA-A*2402-restricted cyto-
toxicity, PBMCs from a donor expressing HLA-A*2402
(Donor 19) were sensitized in vitro for 2 weeks with IE-13–
11SSAKRKMDP, IE-13–12  SSAKRKMDPD and IE-18–
16KMDPDNPDE. The in vitro sensitized cells were tested
Results of screening of the 12 peptide mini-pools by quantify- ing intracellular IFN-γ by CD8+T cells Figure 2
Results of screening of the 12 peptide mini-pools by 
quantifying intracellular IFN-γ by CD8+T cells. To 
select the most potential immune-dominant epitopes PBMCs 
from five HLA-A*2402 HCMV-seropositive donors (Donors 
1–5) were stimulated with each of the 12 mini-pools and 
intracellular IFN-γ production was measured by flow cytome-
try. The results of testing cells from Donor 2 who expressed 
HLA-A*0201/2402 are shown. Peptide mini-pools 1 and 2 
showed a higher frequency of IFN-γ accumulation by CD8+ 
T cells than the other mini-pools. Therefore, mini-pools 1 
and 2 were selected for further study. PHA and HCMV A2 
(pp65495–503) peptide-stimulated PBMCs were used as posi-
tive controls and HCMV A33 (pp6591–100) peptide and IL-2 
only stimulated PBMCs (IL-2) were used as negative controls.Journal of Translational Medicine 2009, 7:72 http://www.translational-medicine.com/content/7/1/72
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Intracellular IFN-γ protein production by HLA-A*2402 CD8+ CTLs stimulated with the twenty individual 15-amino acid pep- tides included in mini-pools 1 and 2 Figure 3
Intracellular IFN-γ protein production by HLA-A*2402 CD8+ CTLs stimulated with the twenty individual 15-
amino acid peptides included in mini-pools 1 and 2. To determine which 15-amino acid peptides belonging to mini-pools 
1 and 2 had the capacity to specifically re-induce CTL immune activity, intracellular IFN-γ production by CD8+ T cells was 
measured in HCMV-seropositive HLA-A*2402 cells from five donors (Donors 2, 3, and 6–8) that had been in vitro sensitized 
for a week with each of the twenty candidate 15-amino acid peptides. The results of testing cells from Donor 2 are shown. 
Peptides IE-11–15MESSAKRKMDPDNPD and IE-15–19AKRKMDPDNPDEGPS consistently induced greater quantities of IFN-γ 
protein production than the other 15-amino acid peptides tested. PHA and HCMV A2 (pp65495–503) peptide-stimulated PBMCs 
were used as positive control and HCMV A33 (pp6591–100) peptide and IL-2 only stimulated PBMCs (IL-2) were used as nega-
tive controls.
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for cytotoxicity using a 51Cr release assay against HLA-
matched HCMV-infected targets. IE-13–12 SSAKRKMDPD-
sensitized CTLs lysed greater quantities of HCMV-infected
fibroblasts than the negative control cells. CTLs sensitized
with IE-15–16KMDPDNPDE also lysed greater quantities
of HCMV-infected fibroblasts than the negative control
cells, but they lysed less HCMV-infected fibroblasts than
CTLs sensitized with IE-13–12SSAKRKMDPD (Figure 6).
Discussion
This study focused on the identification of novel HLA-
A*2402 CTL epitopes derived from HCMV IE-1 protein
using pools of overlapping 15-amino acid peptides. These
HCMV-specific HLA-restricted epitopes will be useful for
vaccination, adoptive immunotherapy, and the monitor-
ing of cellular immune response against HCMV disease in
transplant recipients.
Over the last decade vaccination strategies using the
immunogenic peptides derived from several HCMV pro-
teins have been successful in preventing the reactivation
of latent HCMV infection [17-19]. One of the most
important steps in a peptide vaccine approach is the iden-
tification of immunogenic epitopes within HCMV pro-
teins, which bind to HLA Class I molecules that are
expressed by a major proportion of the population
[29,30]. Although HLA-A24 is the most frequent HLA-A
antigen among Asians, HLA-A24-restricted HCMV IE-1
epitopes have not yet been described.
Many current strategies for selecting potentially immuno-
genic epitopes are based on the use of algorithms that pre-
dict the binding affinities of specific peptides to HLA Class
I molecules. Peptides predicted to have a high binding
affinity are tested for their ability to sensitize CTLs. This
strategy can be a very effective way of identifying new
immune dominant peptides, but it has been useful for
only a limited number of peptide sequences and HLA alle-
les [31,32]. Furthermore, as demonstrated by Elkington et
al, even for those HCMV-pp65 peptides that were pre-
dicted to bind to common HLA alleles, only 40% elicited
cytokine-producing T cells detected by enzyme linked
immunospot (ELISPOT) assays, and only a subset of the
T-cell lines generated from HLA-A*0201-seropositive
donors in response to these peptides actually lysed
HCMV-infected cells [33]. We have explored another
method to identify HLA-A24-restricted HCMV IE-1
epitopes. Pools of overlapping 15-amino acid peptides
spanning the sequence of HCMV IE-1 were used for sensi-
tization and generation of HCMV-specific T cells. Such 15-
amino acid peptides previously have been used to identify
immunogenic viral epitopes recognized by T cells in the
Cytotoxic effects of IE-11–15 and IE-15–19 peptide-specific CTLs against CMV-infected fibroblast Figure 4
Cytotoxic effects of IE-11–15 and IE-15–19 peptide-specific CTLs against CMV-infected fibroblast. PBMCs from 
three HLA-A*2402 HCMV-seropositive donors (Donors 9,10 and11) were sensitized in vitro for two weeks with IE-11–
15MESSAKRKMDPDNPD and IE-15–19 AKRKMDPDNPDEGPS and the in vitro sensitized cells were tested for cytotoxicity 
against HLA-matched HCMV-infected fibroblast. The cytotoxicity assay was carried out by measuring 51Cr release from HLA-
A*2402 HCMV-infected fibroblasts. PBMCs from Donor 9 (Figure 4A) and Donor 10 (Figure 4B) that were in vitro sensitized 
for 2 weeks with IE-11–15 MESSAKRKMDPDNPD were highly cytotoxic to HLA-A*2402 HCMV-infected fibroblasts causing as 
much targeted cell lysis as PBMCs sensitized with a positive control. However, in Donor 11, IE-15–19AKRKMDPDNPDEGPS 
showed higher cytotoxicity to HCMV-infected fibroblasts than that of IE-11–15MESSAKRKMDPDNPD (Figure 4C). PMBCs 
stimulated with the HLA-A24-restricted HCMV pp65 epitope HCMV A24 (pp65341–350) was used as positive control and 
PBMCs stimulated with the HCMV-A33 restricted epitope CMV A33 (pp6591–100) peptide and PBMCs simulated only with IL-2 
(IL-2) were used as negative controls.
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blood of healthy individuals and allograft recipients [25].
By analysis of responses to intersecting mini-pools, spe-
cific 15-amino acid peptides containing immunogenic
epitopes were identified and the epitopes subsequently
defined by testing responses to individual 9 or 10 amino
acid sequences contained in these 15-amino acid peptides
[26].
In our study a total of twelve mini-pools contained 10
consecutive 15-amino acid peptides were prepared using
one hundred-twenty 15-amino acid peptides spanning
HCMV IE-1 protein. The peptide pools were screened by
quantifying the production of IFN-γ by CD8+ T cells from
four HLA-A*2402 donors using flow cytotometry analy-
sis. Mini-pool 1 (Donors 1, 2, 3, and 4) and mini-pool 2
(Donors 1 and 2) induced higher frequencies of CD8+ T
cells producing IFN-γ than the other mini-pools. Mini-
pools 5, 7 and 9 showed a higher frequency IFN-γ produc-
tion in a single donor (Donor 2, Donor 3 and Donor 1,
respectively) (data not shown). Therefore, mini-pools 1
and 2 were selected for further characterization and
all twenty 15-amino acid peptides belonging to these
mini-pools were screened using flow cytometry analysis.
Among twenty 15-amino acid peptides, IE-11–
15MESSAKRKMDPDNPD and IE-15–19AKRKMDPDNP
DEGPS induced the highest frequency of IFN-γ producing
CD8+ T cells and PBMCs sensitized with these two 15-
amino acid peptides showed in vitro cytotoxicity against
HCMV-infected fibroblast.
Virus-infected human cells can be recognized by CD8+ T
cells through antigenic viral protein fragments of 8–12
amino acids in length that are presented on the cell sur-
face in association with HLA class I molecules. Since these
Intracellular IFN-γ analysis of IE-11–15 and IE-15–19 derived HCMV-specific CTLs Figure 5
Intracellular IFN-γ analysis of IE-11–15 and IE-15–19 derived HCMV-specific CTLs. To determine the exact HLA class I 
restricted- HLA-A*2402 specific IE-1 epitopes, we synthesized a total of twenty-one overlapping nona- or decamer peptides 
spanning IE-11–15 and IE-15–19. Intracellular IFN-γ protein production was measured in six HCMV-seropositive HLA-A*2402 
donors (Donors 12–17). Among the twenty-one candidate peptides, IE-13–11SSAKRKMDP, IE-13–12SSAKRKMDPD and IE-18–
16KMDPDNPDE peptide induced the highest quantities of IFN-γ protein production. Peptide IE-13–12SSAKRKMDPD induced 
the greatest quantities of IFN-γ production in five of six donors. The results of testing Donor 14 are shown. The peptide IE-13–
12SSAKRKMDPD induced higher quantities of IFN-γ production by CD8+ CTLs from Donor 14 than any of the other peptides 
tested (Panel A). In addition, this peptide also induced the greatest quantities of IFN-γ protein production by CD8+CD69+ 
CTLs (Panel B). PHA and CMV A24 (pp65341–350) peptide-stimulated PBMCs were used as positive control and CMV A2 
(pp65495–503) peptide and IL-2 only stimulated PBMCs (IL-2) were used as negative controls.
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smaller peptides can be generated by extracellular process-
ing [25], eleven 9-amino acid peptides with 8 overlapping
amino acids and ten 10-amino acid peptides with 9 over-
lapping amino acids spanning IE-11–15 MESSAKRKMDP-
DNPD and IE-15–19AKRKMDPDNPDEGPS were
synthesized and tested further for identification of HLA-
A*2402-restricted HCMV IE-1 epitopes. Among the 21
overlapping peptides, IE-13–11SSAKRKMDP, IE-13–12
SSAKRKMDPD and IE-18–16 KMDPDNPDE induced the
greatest frequencies of IFN-γ producing CD8+ T cells. Pep-
tide IE-13–12SSAKRKMDPD induced the highest frequency
of IFN-γ producing CD8+ T cells. Although when analyzed
by a computer algorithm each of these three peptides
scored a low rank estimated half-time of dissociation from
the HLA-A24 allele, all three peptides induced high fre-
quencies of polycolonal CD8+ T cells producing IFN-γ;
were presented successfully by the HLA-A*2402 allele of
HCMV-infected fibroblast cell lines; and induced strong
cytotoxicity against HCMV-infected fibroblasts. This sug-
gests that these three peptides are processed naturally and
presented successfully in vitro.
In conclusion, we have identified a possible HLA-A*2402
CTL epitope, IE-13–12  SSAKRKMDPD, derived from
HCMV IE-1 protein using overlapping peptides 15-amino
acids in length. This peptide was processed naturally in
HCMV-infected human fibroblast and presented success-
fully on the HLA-A*2402 allele and was well recognized
by HCMV-specific polyclonal CD8+ cytotoxic T cells.
Conclusion
HCMV IE-13–12SSAKRKMDPD is a possible HCMV-spe-
cific epitope for vaccination, adoptive immunotherapy,
and the monitoring of cellular immune response against
HCMV disease in transplant recipients.
Conflict of interests
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HCMV IE-13–12 SSAKRKMDPD specific cytotoxicity Figure 6
HCMV IE-13–12 SSAKRKMDPD specific cytotoxicity. PBMCs from donors expressing HLA-A*2402 (Donor 19) were 
sensitized in vitro for 2 weeks with IE-13–11SSAKRKMDP, IE-13–12SSAKRKMDPD and IE-18–16 KMDPDNPDE and tested for 
cytotoxicity using a 51Cr release assay against HLA-matched HCMV infected fibroblasts. The IE-13–12SSAKRKMDPD sensitized 
CTLs lysed greater quantities of HCMV-infected fibroblasts than the negative controls. HCMV A33 (pp65341–350) peptide and 
IL-2 only stimulated PBMCs (IL-2) were used as negative controls.
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